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By James B. Delano and D a n i e l  E. Hk~ison 

-Investigations o f .  the N'BCA 4-(4) (06)-057+~ a d  4-(4) (06)-057J+p 
tw-blade  swept propellers have been made in the Langley &foot high*l?eed 
tunnel at blade e e s  of 250, 550, 600, 650, and 70 . The mxirmnn forwasd 
Mach nmber reached in these investigations was 0.95. 

E 
Capmison of results f o r  the swept propellers with those  previously 

reported for the IJACA 4-(4)( 06)-04 two-blade sizaight propeller showed that 
the w e  of large amounts of sweep provided 0- moderate delays in  the 

only 25 percent of that predicted by the &e of simple infinite-span sweep 
t h e w .  The swept propellers were 10 percent more eff ic ient  the 
straight propeller at a f orwmd Mach number of 0.85 f o r  the design blade 
w e  of 600. 

- onset of adverse  Compressibility effects &nd that the memured delay was 

'The NACA is conducting a general Investigation t o  studg the effeats 
of cmpressi'bility,  design camber, blade sweep, thiclmess ra t io ,  and dual 
ro ta t ion  on propeller perforPlance at transonic speeds. Resulte of the 
-first two phases of this invest iGtion de- with the  effects  .of cam- 
pressibi l i ty  and design camber w r e  preeented Fn references 1 and 2. The 
first perk of the investigation dealing with the effects of blade m e p  
was presented in reference 3 f o r  the propeller  with strdght bladee. This 
propeller  has  the same basic blade chmacterist ics as the swept propellers 
t o  permit  evaluation of the  effects of lmge ~ u n . - k  of b a d e  sweep on 
propeller performance. 
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Investigations o 

UNCLASSIFfED 

If model swept propellers,  references 4 and 5, have * .  
shown beneficial  effects of sweep frcantests at very low advance r a t io  
and high t i p  speed. Fl ight  investigations,  reference 6, and wind4unnel 
lnveatigations, reference 7, of the same W-mAle -swept and unswept 
propellers, have shown no s i w f i c m t  differences in the performance of 
swept and unswept propellers. The m a U  differences between the effi- 
ciencies of the swept and unswept propellers may be due t o  the RmA71 
amounts of sweep eqployed' in   the outboard sections (15O at the O.7+adiue . 
station and increasing grad& t o  450 a t  the t ip) .  k addition,  the 
t e s t  results, reference 7, indicate   that   the   t ip  Mach numbers mey not c 

have been sufficiently high t o  ancanpass the speeds for which swee back 
may have been beneficial. A prelimlnaq investigation, ref erence 8, t o  
determine the effect on propeller p e r f m c e  produced br Elweeping back 
only the  t ip  sections produced encouraging ixm~lts. The omet of adverse 
compressibility  effects w a s  delved apprcllrimately 0.E in  t i p  Mach 
nurnber and the maximwn efficiency was increased about 2 percent at suser- 
c r i t i c a l   t i p  Mach nunibers  compased t o  the  results  for a s,imilar wiswept 
propeller. i 

On the  basis of the  results of reference 8 it waa believed  that 
larger delays in the omet of adverse CaQreESibility  effects and high 
eff ic iencies   a t   supercrf i ical .speb could be obtained by employing large 
amounts of sweep all a long  the propeller bladee.  Comequently, two t 

propellers were designed having the marrcfmum amount of blade sweep per- 
mitted by consideration of blade stressee do=. As investigation of 
these swept opellers was made up t o  a f o m q d  Mach n U e r  of' 0.925 i n  
the Langley oot- high-speed tunnel. fr-f I 

Fmce;teat data and a limited analysis of the resul ts  of the inmsti- 
gation of two NACA swept propellers are  presented a t  this tFme t o  expedite 
publication of t h i a  information. L a r t - v c d e  plots of the  bwic propeller 
characteristics,  figures 6 and 7, m e  available on request t o   t h e  lW3.A. 

b blade width, feet 

czd 
bladmect ion design lift coefficient 

cP power coefficient (. /WW) 

cT thrust . 
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D propeller diaslster, f ee t  

b/D blade-width r a t i o  

h maximum t h i c h e e s  of blade  section, feet 

. hb blade thickness  ratio 

J advance r a t i o  (VO/mD) 

M 

%i 

n 

P 

Q 

R 

r 

T 

TC 

V 

VO 

X 

B 

p0.7R 

tunnel-datum (forward) Mach' nmber (tunnel Mach number 
uncorrected for turmel-wall constrairrf;) 

power, foot-pounds per aecond 

d p m i c  pressure, pounaS per sqme foot, ( ~ ~ 2 1 2 )  

propeller t i p  radiue,  feet 

blade-section radius, feet 

thrust, pounds 

thrust d i d ~ l o a d i n g  coefficient (T/2qD2) 

- 3  

I 

section blade angle at 0.7-tip radiua, degrees 
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? m J K  

A seation sweep angle, degrees (the angle formed by the inter- 

rtmxhum efficiency 

section of t he  section radius, which is  perpendicular to 
the chord line of the section at its midpoint, with a line 
passing through 'the  locus of midpoints of .the 'chord lines 
of  the sections. The asgle i s  mearjured in  the  plane 
defined by the section radius and the section chord l i ne  
for the design  conditiaa, see f ig .  4.) 

P a;Lr denel*, duge per  cubic Soot 

Appp;RATos AND p4E;THoDs 

The ammatus and methods described in reference 1 were w e d  in 
this  investigation which was conducted i n  the Langley %foot high-peed 
tunnel. A sketch .of the 80~)-horsepower dyaamameter installed i n .  the . 
tunnel is s h o w  i n  f T g m e  1. 

* 

Propellers.-Three two4lade  propellers 4 feet i n  diameter were 
w e d  in   th i s   iwes t iga t ion .  Phcrtogaphs of the blades m e  ahom in 
figure 2 aSa the b l a d e 4 m  curves are given in   f igure 3. All blades 
were d e s i p d  havlng the same blade* Loading t o  produce mFnFmum induced 
energy losses (profile drag assumed equal to zero) at a blac~e w e  of 600 
at the 0.7em.u~ station and at an advance r a t i o  of 3.65. One propeller 
has s t r a i w  blade8 and is the 4-44) (06)-04 propeller (the resliftls 
of this investigation m e  presented i n  reference 3) .  Two propellers have 
swept blades ergploying 3.m amourbe of sweepforwasd and sweepback and 
a r e  desigmted the WLCA G k )  (06)-037-49 and RACA -4-44) (06 ) -05743  pro- 
pellers, The last pouP of l e t t e r s  was added to the conventional pro- 
e l ler  d e s i p t f a n  used f o r  straight  blades  to show the amount  of  sweep 

of sweepback) at the 0.7-rad3w station.. The swept blades di f fe r  
only In pitch  distribution, and the letters A m d  B are w e d  t o  identifg 
each 'blade. . The pitch for swept blade B is  washed out  approximately 2O 
at the root a3ld t ip  sections  ( the  pitch for blade 33 is lo lower' at the 
root and t i p   s ec t iom and 10 higher at the "hee" sections  than for the 
comesponding sections for swept blade A). All propellers have the sams 
distribution of IXACA l6-series sections dong the blade. The section 
blade widths of the Elwept blades me larger thm those of the &rad&t 
blade by a factor apprmimately equal t o  the  reciprocal of the oosine 
of the sreotion sweep angle. This was done to obtain  the same thrust 
loadlng as for the- straight  blade. 
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Figure 4 i l l u s t r a t e s  the orientation of the blade sections with t h e  
aection  velocity  vectors mid the way in which the sweep angle is msaeured. 
The blade section at radfua r is instal led at right angles t o  the radius 
passing through t he  chord midpoirrt; so that ,   nedecting induced effecte, 
the section is in line with the relative  resultant  section  velocity. The 
p l k e  of the  blade aecticm coincides wieh the plane formed by the. veloci.ty 
vectors. The local sweep angle is measured In the plane formed by the 
chord 'asd the radius passing  through the chord midpoint. It is the angle 
formed by the  radius % h r o u &  t h e  chord midpoint and t h e  p o j e c t i m  of the 
locus of the chord  midpoints an the plane formed by the chord and radius 
through the chord midpoint. 

Thrus t ,  torque, asd rotational sped  were measured through a range 
of blade angle, advance rat io ,  and farnavd Mach rmiber. Far each tunnel . 
Mach nmber the propeller was run at a o o n s t m t  blade angle (measured 
at the 0.7t~"aai~s station) and t he  r o t a t i o w  s p e d  was vmied. m e  rmge 
of blade angles cwered for each forward Mach number is glven in the 
following  tables for the swept gropellers only: . 

7- 

U C A  444) (06) " 4 %  propeller blade angle at 0.7+raaiua 
s ta t ion Bo*7R (deg) at forward Mauh number M - 

r 
1 

0.23 0.65 0.60 0.53 

55 

65  65 
60  60 
55 

0.70 
1 

0.23 0.70 0.65 0.60 0.53 

25 
55 

65  65 
60 60  60 
55 55 

65 
70 

55 
60 
65 
70 

0.75 0.85 0.80 0.75 0.85 0.80 

55 ' 
60 
65 

60  55 60 
65 65 

70 70 

55 ' 
60 
65 

60  55 60 
65 65 

70 70 

60 
65 65 
60 
65 65 
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IiEDucTION OF DATA 
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Propeller thrust.- Propeller thrust as wed herein is defined &a 

the shaft tension produced b y  the spinnerYt&ip portian of the blades. 
The method used in determining thrust tares and in  evaluating  the pro- 
peller thrust is described in  detai l  i n  reference 1. 

Propeller torque.- Torque tare  correctims were found t o  be small  
and dependent only on rotational speed. Spirmervtare corrections were 
made t o  the indicated  torque readings (maximma oorrection of 1.2 foot- 
p o w  a t  6000 rpd. 

Effect of diameter.- The diameter of the swept propellers decreaaed 
as the blade angle was increased because of the large amo-mt of sweep 
incorporated in the  blades. The ncrminal diameter is 4 fee t  at the  deeign 
blade @e of 60° asd the greatest change in  diameter m8 4.3 percent 
of the desi- diameter. A l l  -propeller characteristics are ba8ed on the 
actual propeller di-ter which w a 8  measured for each blade w e .  

Tmnel-Wall correction.- The f o r c d e s t  data have been corrected 
for the effect of tunnel-.wall c o n s t r a t  on velocity at the propeller 
test plme using the'method described i n  reference 1. The results  are 
presented in f.iie 5 aa the   ra t io  of f r e e 4 r  velocity  to  the tunnel- 
datum velocftg = a function of thrust  diak-..oadin@: coefficient and t h e  
tunnel-datum Mach number 

Accuracy of results.- Analysis of the accuracy of the  .separate 
msaaurementa required t o  define ccrmpletely the propeller characteristics 
has indicated that errms in  the results presented herein are probably 
less than 1 percent. 

The basic  propeller  characteristice  are  presented in figures 6 and 7. 
For each value of tunnel-datum Mach number M the propeller thrust, and 
power coefficients and efficiency are plotted againet advance ra t io .  
The variation of t i p  Mach number with Etdvance r a t i o  is also included. 
A s  used in t h i s  report, t h e  tunnel-datum Mach number M is not corrected 
for tunnel-wall  constraint. However, the f r e e d  Mach m b e r  can be 
obtained by applying  the tunnel- oarrections,  presented in figure 5, 
t o  the tunnel4atumMach number. A t  the high Mach numbere the tunnel- 
w a l l  correction is generw less  than 1 percent  but, in the  exact use 
of the basic propeller characteristics  fieeented in figures 6 and 7 

. '  
a .  

. 



. 
Q 

mACA RM L9LO5 . .  .. , .  . ,  - 
7 

wherever small. changes in Mach n-er produce large chmges in propeller 
characteristics,  the  tmnel-datum Mach number should be corrected t o  
free-air Mach nuniber. 

Effect of forwarrd Mach number and blade sweep on m x i m m  eff1cienq.- 
The variation of maximum efficiency with fommzd Mach Iurmber is presented 
in figure 8 for  dl the blade angles investigated. Similar results, 
reference 3, for the NACA 4-(k)  (%)-Ob straight propeller  are shown f o r  
canrparison. Differences fsmFlra.lmrrm efficiency for swept propellers A 
and B were in general  insi@ficant and wiwin the exgerimental  accuracy. 
Generally the  efficiencies f o r  propellers A and B are 1 t o  2 percent 
lower than for the straight propeller at subcritical faward Mach nrrmbers. 
A t  supercritical forwaud, Mach nmibers, sweep increases the efficiency end 
reduces the  ra te  of efficiency loss wlth fmwazd Mach nuniber. For the 
desi@ blade angle of 60° and a f o r "  Pliach nwnber of 0 .e, the  eff 1- 
oiencies for the swept propellers *re 10 percent higher than those f o r  
the unswept propeller. 

Sweep produced only d e r a t e  gaFns in the   c r i t i ca l  forward Mach 
nmnber, approximately 8 percent. For the propellers of this investi- 
gation,  the use of sweep incremes  the  effective values of section  thick- 
'ness r a t io  and deslgn camber, that is, normal to   t he  sweep lfne by a 
factor of l/cos A .  Consequently, the  cr i t ical   sect ion Mach nmber 
(normal t o  sweep line) is  reduced. A compa3.ison  of these factors  for 
the swept  and  unswept blades is presented in  figure 9. Far most  of the 
blade  sections  outboard of the bee , .  the sec t im   c r i t i ca l  Mach nmiber 
f o r  the swept blade is ab& 8 percent l o w e r  than for  the unewept blade. 
The increase, theref ore, in the c r i t i ca l  forward Mach number predicted 
by the  use of simple infinite"epan  sweep theory fo r  a sweep of 45O would 
be approximatdy 30 percent. The measured increase in c r i t i c a l  forwaxd 
Mach number w a s  found t o  be only 25 percent of this theoretical value. 
This  difference is probabu-due  to  the laok of sweep at the lmee and 
the  severe  separation of the boundary lqer on t h e  outbomd sections. 

! 

The separation of the boundary layer is associated  with an outflow 
of the boundaq"layer air. An effor t  was made t o  reduce this 6ep.aration 

' by retarding  the  outflow  with several fence  cmf'igwations  attached 
, chordwise t o  the reaxward part of the upper s,&aces of the blades from 
the O.55-iradius t o  the 0.703.adius station. The fences dld not change 
t h e  propeller  chaxacteridiics  at  swercritical speeds. Ho other  device l 
or change in design  has  yet been proposed which might logical ly   lead  to  
significant Improvement in the  characteristics of the highly swept 

. propeller. 

The swept propeller, with its severe mechasfca3 and structural  
problems, does not appear t o  be a practic-al method for -roving pro- 
peller performance since the same moderate gdne in performance cag be 
obtained fm mpt propellers having w - t h i c h e s s - r a t i o  blade sections. 
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Effect of advance r a t i o  and forward Mach number on maximum efficiency.- * ,  

The variation of maximum efficiency with advance r a t i o  for the fcrwmd 
Mach numbers at which the propellers were investigated is shown i n  
figure 10. Swept propellers A and B ham essentially the same ma~rhum 
efficiency f6r a given advance r a t i o  and f o r m d  Mach number; consequently 
only the  results for swept ljropeller A are presented i n  this figure. The 
dashed l ines  f OF f o r m d  Mach numbers of 0.85 and 0.90 represent the 
highest  efficiencies measured for  the swept propeller A and are  not neces- 
sa r i ly  maximum efficiencies. Similar resul ts  for t h e  strai@;ht  propeller, 
reference 3$ f o r  farward Mach numbers of' 0.80, 0.85, and 0.90 are shown 
for  carparism. The trends in efficiency changes with advance rati0.a.m 
similar for  these propellers up t o  and including a forwarrd Mach  number 

' of 0.85, except that  the eyficiencies  for the swept propellers are higher 
than those for the straight  propeller at supercrit ical  farward Mach 
numbers. It was. found that f o r  forwaxd Mach numbers abwe 0.80 it was 
necessaqy t o  operate  the &might propeller a t  reduced values of advance 
ratio t o  obtain  the  highest  efficiencies. No similar operational  require- 
ment is  indicated for the swept propeller8. The higheat efficiencies 
for the swept propellers were obtained at the higher values of advance 
ra t io   for   the  speed range investigated. 

Effect of forward Mach number on efficiency for constant power 
coefficient.-The  vaiation of efficiency with advance r a t i o  for constant 
values of power coefficient and forward Mach number I s  ehawn in  f igure ll 
for   the swept and straight propellers. In general, the results  indicate 
that  the  highest  efficiency  for a given power coefficient is essentially 

'the 8- for swept propellers A and B throughout the Mach number range. 
A t  farward Mach nuqibers above 0.7 and f o r  constant values of power coef- 
f ic ien t  the highest  efficiencies  for  the swept propellers a r e  f'rm 7 . 
t o  16 percent higher than those for the straight  propeller. 

CONCLUSIONS 

Investigations of the NACA 444) (06)457+~ asld NACA 4-44} (06)457-45~ 
swept propellers and comparison of resul ts  with  thoee f o r  the MAW 
4 4 4 )  (06) 4 4  straight propeller through a forward Mach number range 
extending up t o  0.925 indicate the following  conclusions: 

1. on7y moderate delays i n  adverse compressibility  effects were 
obtdned through the w e  of large amounts of sweep. The measured delay 
Waf3 only about 25 percent of the  value  predicted by the use of the s h p l e  
infinite-epan sweep theory. 

2. The ,mall differencea in pitch  distribution f o r  the swept pro- 
pellers had l i t t l e   e f f e c t  m madmum efficiency performance through the 
forward Mach number range. 
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- 3. The swept propellers were 10 percent more efficient than t h e  
straight propeller at a forward Mach nmber of 0.85 f o r  t h e  design blade 
w e  of 600. 

4. At the highest forward M a o h  numbers reached in this investigatior 
t h e  highest  efficiencies ocourred at high values of advance.ratio f o r  
the swept propellers and at low values of advance ratio for t h e  strai@t 
proseller . 
Langley Aeronautical Laboratory 

National Advisory Camittee for Aeronautics 
Langley A i r  Force Base, Va. 
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(a) NACA 4- (4) (06)4  and 4-(4)(06)45745A propellers. 

Figme 2.- Propeller blades used In sweep investigation. 
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Figure 11.- Continued. 

'4 I 

" 
. .  . 



6 I 

.4 

CL 

.* I 

( 0 )  M = 0.80. 

. ~igure~~.- mtiinrea. 



(a) M = 0.82. 

I 1 



t 


